Introduction
============

Until recently, advanced age, family history and apolipoprotein E (apoE) ε4 allele have been the only established risk factors for Alzheimer\'s disease (AD). The apoE ε4 allele is the most important currently known genetic risk factor for AD, and it may represent roughly half of the genetic risk for AD \[[@b1], [@b2]\]. Dominance of the genetic hypotheses for AD has lead to somewhat fatalistic attitude towards the possibilities to prevent or postpone the onset of it. However, this picture has recently started to change due to increasing evidence that modifiable risk factors for dementia and AD also exist \[[@b3]--[@b7]\]. Consequently, AD, the major form of dementia is currently considered to be a disease of multi-factorial origin, resulting from an interaction between the genetic susceptibility and environmental risk factors. Recent studies have linked dementia and AD with several lifestyle-related factors including physical activity \[[@b4], [@b8]--[@b12]\], dietary fat and fish oil intake \[[@b6], [@b13]--[@b18]\], alcohol drinking \[[@b5], [@b19]--[@b22]\] and smoking \[[@b23]--[@b26]\]. Further, some studies have also suggested that the apoE ε4 carrier status could be a possible effect modifier for the associations between lifestyle/vascular risk factors and dementia \[[@b4]--[@b6], [@b11], [@b14], [@b16]--[@b18], [@b20], [@b22], [@b27]--[@b30]\], but results have varied between the studies. The aim of our study was to investigate further the effects and putative interactions between the apoE ε4 allele and lifestyle-related risk factors at midlife including physical inactivity, dietary fat intake, alcohol drinking and smoking for the development of dementia and AD later in life.

Materials and methods
=====================

Participants
------------

The participants of the Cardiovascular risk factors, Aging and Dementia (CAIDE) study were randomly selected from the survivors of four separate, independent, population-based random samples examined within the North Karelia Project and the FINMONICA study. These surveys were carried out to assess the levels of cardiovascular risk factors in two eastern provinces of Finland; North Karelia and Kuopio. The study design has been described in detail elsewhere \[[@b31]\].

After being examined once at midlife (either in 1972, 1977, 1982 or 1987), 2000 randomly selected individuals, aged 65--79 years by the end of 1997, were invited for a re-examination during 1998 ([Fig. 1](#fig01){ref-type="fig"}). Altogether 1449 people (72.5%) participated in the re-examination; 900 (62.1%) were women and 549 (37.9%) were men. The mean age (SD) at midlife examination was 50.6 (6.0) years (range 39--64), and 71.6 (4.1) years (range 65--79) at the re-examination. The mean duration of follow-up was 21 years (SD 4.9). The study was approved by the local ethics committee, and written informed consent was obtained from all participants.

![Formation of the study population.](jcmm0012-2762-f1){#fig01}

Midlife examination
-------------------

The survey methods used during the baseline (midlife) visit were carefully standardized and comply with international recommendations. They followed the WHO MONICA protocol of 1982 and 1987; the methods used in 1972 and 1977 were comparable. In brief, the baseline survey procedures included a self-administered questionnaire on health behaviour, health status and medical history. Participants' blood pressure (BP), height and weight were measured, and body mass index (BMI) was calculated. A venous blood sample was taken to determine serum cholesterol concentrations. In addition, the participants were queried about the presence of various locomotor disorders, which was defined as the existence of at least one of the following: rheumatoid arthritis, arthritis, arthropathy or arthralgia of the joints of the extremities or the back.

In this study, physical activity was considered as leisure time physical activity lasting at least 20--30 min. each time and causing sweating and breathlessness. The responses to the question concerning physical activity were dichotomized similarly to our previous study \[[@b4]\] into categories: (i) active (= persons who participated leisure time physical activity at least two times a week, *n*= 529) and (ii) sedentary (= persons who participated leisure time physical activity less than two times a week, *n*= 755). The active group was used as the reference category in the current analyses. Dietary fat intake was determined as daily fat intake from spreads, and the amount of polyunsaturated (PUFA) and saturated (SFA) fatty acids were calculated from these data. Dietary fat intake was classified into quartiles \[[@b6]\] (PUFA: 1^st^ quartile *n*= 304, 2^nd^ quartile *n*= 342, 3^rd^ quartile *n*= 314, 4^th^ quartile *n*= 324; SFA: 1^st^ quartile *n*= 338, 2^nd^ quartile *n*= 323, 3^rd^ quartile *n*= 355, 4^th^ quartile *n*= 268). The highest quartile served as the reference category in the analyses concerning PUFA intake and the lowest in the analyses for SFA. A yearly alcohol drinking habit was determined in the 1972 and 1977 questionnaires only, and in this study the analyses including alcohol data were based on the subsample of the persons who participated in 1972 or 1977 (70% of them participated in the re-examination in 1998). Alcohol drinking was considered as the times person drank alcohol per year. For the current study alcohol drinking was classified into three categories as in our previous study \[[@b5]\]: (i) never drinkers (= persons who never drank alcohol, *n*= 276), (ii) infrequent drinkers (= persons who drank alcohol less than once a month, *n*= 391) and (iii) frequent drinkers (= persons who drank alcohol once a month or more often, *n*= 278). The never drinkers served as the reference category in the analyses concerning alcohol drinking. Smoking was dichotomized into: (i) never smokers (*n*= 722) and (ii) ever smokers (*n*= 562) according to smoking status at midlife, and the never smokers were used as the reference category in the current study.

Re-examination
--------------

During the re-examination in 1998, the survey methods used were identical to those applied in the previous surveys. Furthermore, the participants were studied for their apoE genotypes by use of PCR and *Hhal* digestion \[[@b32]\]. For the current study, the apoE genotypes were dichotomized into: (i) apoE ε4 carriers (= persons with at least one ε4 allele in the genotype, *n*= 452) and (ii) apoE ε4 non-carriers (no ε4 alleles in the genotype, *n*= 832). Cognitive status was determined, and participants who scored 24 or less on the Mini-Mental State Examination \[[@b33]\] at the screening phase (*n*= 294) were referred for further examinations, including thorough neurological, cardiovascular and neuropsychological examinations. Altogether, 61 participants were diagnosed as having dementia according to the Diagnostic and Statistical Manual of Mental Disorders, (4^th^ edition) criteria \[[@b34]\], and 48 of them fulfilled the diagnostic criteria of AD according to National Institute of Neurological and Communicative Disorders and Stroke and the AD and Related Disorders Association criteria \[[@b35]\] ([Fig. 1](#fig01){ref-type="fig"}).

The analyses were restricted to the participants having no missing data on outcome, any of the lifestyle-related variables or the covariates. For dementia, the number of participants was 1284 (57 cases) in the analyses for physical inactivity, dietary fat intake and smoking, and 945 (43 cases) in the analyses for alcohol drinking. For AD, the number of participants was 1272 (45 cases) in the analyses for physical inactivity, dietary fat intake and smoking, and 935 (33 cases) in the analyses for alcohol drinking.

Statistical analyses
--------------------

Differences among the persons according to their apoE ε4 carrier status were analysed with chi-square test and Student\'s t-test as appropriate. The associations between midlife physical inactivity, dietary fat intake, alcohol drinking and smoking, and the subsequent development of dementia and AD were investigated with multiple logistic regression analyses. We carried out analyses stratified by apoE ε4 carrier status adjusted for potential confounders in the investigated associations including age, sex, education, follow-up time, BMI, total serum cholesterol, systolic blood pressure (SBP) and history of myocardial infarction, stroke and diabetes mellitus. The models for physical activity were additionally adjusted for locomotor disorders (may limit participation in physical activity), while analysis of subtypes of dietary fat intake were additionally adjusted for other subtypes of fats (PUFA and SFA). In addition to the stratified analyses we conducted analyses with variables combining the apoE ε4 carrier status with each of the lifestyle-related factor separately. The combined variables included all possible combinations between each lifestyle-related factor and the apoE ε4 carrier status.

The putative multiplicative interactions between the apoE ε4 carrier status and various lifestyle-related factors were investigated by adding an interaction term for each lifestyle-related factor separately into the model. In chronic disease epidemiology, a corroborated view is that risk factors that act independently have an additive rather than synergistic effect \[[@b36]\]. This means that when no causal interaction exists, the total effect of risk factors is equal to the sum of the effects of the separate risk factors. This implies that there is an interaction as a departure from additivity (often called additive interaction) \[[@b36]\] when the total effect of risk factors is smaller or larger than the sum of the separate effects. Therefore, in addition to multiplicative interaction, we also calculated additive interactions using relative excess risk from interaction (RERI) as a measure of overall risk \[[@b36]\]. We chose RERI because it shows the size of the interaction in a way that is comparable to an interaction term, which allows us to compare the results from multiplicative and additive interactions. When the RERI was calculated, the distributional differences between risk and odds were taken into account \[[@b37]\]. Standard errors for the additive interaction were calculated with the delta method \[[@b38]\]. When there is no additive interaction, RERI is equal to zero. In this study, RERI \> 0 shows that there is a larger difference among the apoE ε4 carriers.

Furthermore, a composite lifestyle variable was created from all lifestyle-related risk factors to investigate how clustering of lifestyle-related risk factors at midlife affects the risk of dementia and AD later in life. First, all studied lifestyle-related factors were entered simultaneously in a single fully adjusted logistic regression model. Secondly, the value for each factor in the composite variable was assigned according to the β-coefficients resulting from the logistic regression. Moreover, the β-coefficients were summed to form a variable representing the composite effect of the studied lifestyle-related factors. After that, the composite variable was categorized into quartiles (1^st^ quartile was used as the reference category), and the association for the risk of dementia and AD was investigated among all participants, stratified by the apoE ε4 carrier status and combining the composite lifestyle variable with apoE ε4 carrier status as done independently for all lifestyle factors. The level of significance was *P* \< 0.05 in all analyses. The analyses were conducted using SPSS for Windows, release 15.0 and STATA, release 9.1.

Results
=======

Socio-demographic and clinical characteristics
----------------------------------------------

There were 452 (35.2%) apoE ε4 carriers (one or two 4 alleles) and 832 (64.8%) non-carriers (no ε4 alleles) in the current study population. The apoE ε4 carriers were somewhat younger both at midlife and at the re-examination, and they also had higher total cholesterol level than the non-carriers ([Table 1](#tbl1){ref-type="table"}). Other socio-demographic and clinical characteristics did not differ significantly between the groups. The apoE ε4 carriers had higher odds to develop dementia (crude model: odds ratio \[OR\]= 2.28, 95% confidence interval \[95% CI\]= 1.34--3.90), and adjustment for demographic and vascular factors did not change this association (OR = 2.83, 95% CI = 1.61--4.97).

###### 

Association of ApoE ε4 carrier status with demographic and clinical characteristics characteristic

                                  ApoE ε4 carriers (*n*= 452)   ApoE ε4 non-carriers (*n*= 832)   *P*-value
  ------------------------------- ----------------------------- --------------------------------- -----------
  Age, year                                                                                       
   • Midlife, years               49.6 (5.7)                    50.3 (6.0)                        **0.03**
   • Re-examination, years        70.8 (3.7)                    71.3 (4.1)                        **0.02**
  Follow-up time, years           21.0 (4.9)                    21.2 (4.7)                        0.46
  Education, years                8.8 (3.5)                     8.7 (3.5)                         0.55
  Sex, men (%)                    41.8                          37.1                              0.10
  **Midlife characteristics**                                                                     
  SBP, mmHg                       144.2 (18.9)                  143.9 (20.0)                      0.78
  DBP, mmHg                       89.3 (10.5)                   89.1 (11.0)                       0.77
  BMI, kg/m^2^                    26.6 (3.5)                    26.4 (3.7)                        0.31
  Cholesterol, mmol/l             6.82 (1.2)                    6.66 (1.2)                        **0.02**
  Physically active,%             39.4                          42.2                              0.33
  PUFA, g/day                     2.5 (4.0)                     2.8 (4.6)                         0.33
  SFA, g/day                      11.9 (15.5)                   12.7 (13.2)                       0.36
  Alcohol                                                                                         
  Infrequent drinkers,%           41.1                          41.5                              0.73
  Frequent drinkers,%             28.0                          30.2                              0.59
  Smokers,%                       45.8                          42.7                              0.28
  **Late-life characteristics**                                                                   
  Dementia,%                      6.9                           3.1                               **0.002**
  AD,%                            5.8                           2.3                               **0.001**
  Diabetes,%                      5.8                           6.4                               0.66
  Stroke,%                        7.5                           7.5                               0.96
  Ml,%                            14.4                          13.9                              0.83

Chi-square and t-tests were used. Abbreviations: AD, Alzheimer\'s disease; BMI, body mass index; DBP, diastolic blood pressure; Ml, myocardial infarction;

SBP, systolic blood pressure; SFA, saturated fatty acids from spreads; PUFA, polyunsaturated fatty acids from spreads. Significant differences are bolded.

Lifestyle-related factors and dementia according to the apoE ε4 carrier status
------------------------------------------------------------------------------

Physical inactivity and moderate intake of dietary SFA were each found to approximately double the odds of dementia ([Table 2](#tbl2){ref-type="table"}). The associations between other lifestyle-related factors and dementia did not achieve a statistical significance in the analyses for all participants.

###### 

Lifestyle-related factors and the risk of dementia

                                                          All (*n*= 1284)      ApoE ε4 carrier (*n*= 452)   ApoE ε4 non-carrier (*n*= 832)
  ------------------------------------------------------- -------------------- ---------------------------- --------------------------------
  Physical activity                                                                                         
   • Active                                               1                    1                            1
   • Sedentary                                            2.07 (1.12--3.86)    2.43 (0.99--5.96)            1,66 (0.68--4.05)
  **Dietary PUFA intake**                                                                                   
   • 1^st^ quartile                                       2.13 (0.73--6.20)    1.95 (0.37--10.40)           1.93 (0.45--8.38)
   • 2^nd^ quartile                                       0.84 (0.27--2.63)    0.71 (0.12--4.28)            0.77 (0.16--3.69)
   • 3^ri^ quartile                                       1.45 (0.50--4.17)    1.76 (0.33--9.31)            0.95 (0.23--3.86)
   • 4^th^ quartile                                       1                    1                            1
  **Dietary SFA intake**                                                                                    
   • 1^st^ quartile                                       1                    1                            1
   • 2^nd^ quartile                                       2.54 (1.13--5.68)    4.34 (1.28--14.68)           1.65 (0.51--5.26)
   • 3^rd^ quartile                                       1.42 (0.54--3.75)    2.08 (0.39--10.97)           1.11 (0.30--4.12)
   • 4^th^ quartile                                       2.64 (0.64--10.83)   11.29 (0.82--155.94)         1.13 (0.18--6.93)
  **Alcohol drinking[\*](#tf2-1){ref-type="table-fn"}**                                                     
   • Never                                                1                    1                            1
   • Infrequent                                           1.29 (0.55--3.01)    3.78 (0.94--15.24)           0.50 (0.14--1.75)
   • Frequent                                             1.81 (0.70--4.65)    7.42 (1.51--36.38)           0,62 (0.17--2.33)
  **Smoking**                                                                                               
   • Non-smokers                                          1                    1                            1
   • Smokers                                              1.11 (0.57--2.20)    1.97 (0.74--5.28)            0.63 (0.23--1.75)

Values are odds ratios (96% confidence intervals). The analyses are adjusted for age, sex, follow-up time, education, body mass index, serum cholesterol, systolic blood pressure, myocardial infarction, stroke and diabetes mellitus (the analyses for dietary fats are additionally adjusted for other subtypes of dietary fats and the analyses for physical activity additionally for locomotor disorders). Analyses for all are aditionally adjusted for ApoE4 carriers status.

Analyses for alcohol drinking: *n*= 945 (in the analyses for all), *n*= 343 (in the analyses for ApoE ε4 carriers) and *n*= 602 (in the analyses for ApoE ε4 non-carriers)

In the stratified analyses, the associations between dementia and moderate SFA intake, frequent alcohol drinking and physical inactivity were more pronounced among the apoE ε4 carriers than non-carriers. Furthermore, there was also a tendency towards increased odds of dementia for high-dietary SFA intake, infrequent alcohol drinking and smoking among the apoE ε4 carriers. However, the confidence intervals became somewhat wider in these analyses reflecting restricted sample size. For the apoE ε4 non-carriers, none of the lifestyle factor-dementia associations were significant ([Table 2](#tbl2){ref-type="table"}).

Combined effect of lifestyle factors and the apoE carrier status
----------------------------------------------------------------

[Figure 2](#fig02){ref-type="fig"} shows the combined effect of the apoE ε4 carrier status and various lifestyle-related factors for dementia.

![Combined effects of various lifestyle-related factors and ApoE ε4 carrier status for dementia. The values are odds ratios from logistic regression analysis adjusted with age, sex, follow-up time, education, body mass index, serum cholesterol, systolic blood pressure, and the history of myocardial infarction, stroke, and diabetes mellitus (the analyses for dietary fats are additionally adjusted for other subtypes of dietary fats and the analyses for physical activity additionally for locomotor disorders). Significant results are marked with \* (*P* \< 0.05) and \*\* (*P* \< 0.001).](jcmm0012-2762-f2){#fig02}

i.  *Physical inactivity:* Compared with the apoE ε4 non-carriers who were physically active at midlife, the 'sedentary ε4 non-carriers' had an OR 1.77 (95% CI = 0.74--4.26) for dementia, the 'active ε4 carriers' 2.30 (95% CI = 0.81--6.49), and the 'sedentary ε4 carriers' 5.53 (95% CI = 2.31--13.23) after all the adjustments. However, there were neither significant multiplicative nor additive interactions between physical inactivity and the apoE ε4 carrier status for the odds of dementia.

ii. *Dietary PUFA and SFA intake:* Compared with the apoE non-carriers who were in the high PUFA intake group, the persons in the 'apoE ε4 carrier and low PUFA intake' group had an OR 5.00 (95% CI = 1.45--17.42) for dementia. Similarly, compared to the apoE ε4, non-carriers who were in the low SFA intake group, the persons in the 'apoE ε4 carrier and high SFA intake' group had an OR 7.05 (95% CI = 1.34--37.06). There was no evidence for either a significant multiplicative or additive interaction between each subtype of dietary fats and the apoE ε4 carrier status for dementia (results not shown).

iii. *Alcohol drinking:* Compared with the 'apoE ε4 non-carrier and never drinker' group the 'apoE ε4 carrier and never drinker' group had an OR 0.67 (95% CI = 0.17--2.73), 'apoE ε4 carrier and infrequent drinker' group 2.36 (95% CI = 0.83--6.73) and 'apoE ε4 carrier and frequent drinker' group 3.82 (95% CI = 1.14--12.75) for dementia. There was a statistically significant multiplicative (*P*-values: infrequent drinking = 0.04, frequent drinking = 0.03) and additive interaction (infrequent drinking: RERI = 1.97, *P* \< 0.001, frequent drinking: RERI = 2.95, *P* \< 0.001) between the apoE ε4 carrier status and alcohol drinking for dementia risk.

iv. *Smoking:* Compared with the 'apoE ε4 non-carriers and never smokers', the 'apoE ε4 non-carriers and ever smokers' had an OR 0.73 (95% CI = 0.29--1.81), the 'apoE ε4 carriers and never smokers' 1.92 (95% CI = 0.88--4.19) and the 'apoE ε4 carriers and ever smokers' 3.17 (95% CI 1.37--7.35) for dementia. The multiplicative and additive interactions between smoking and the apoE ε4 carrier status were non-significant (results not shown).

v.  *Effect of sex:* There was no statistically significant multiplicative interaction between sex and lifestyle factors or between sex and apoE ε4 carrier status (*P*-values for interaction terms between lifestyle factors and sex varied between *P*= 0.24 and *P*= 0.99, and for interaction term between apoE and sex *P*= 0.74) for dementia risk.

Composite effect of lifestyle on dementia risk
----------------------------------------------

The 4^th^ quartile of the composite lifestyle variable was associated with an increased risk of dementia among all participants (OR = 6.22, 95% CI = 2.13--18.13), and the risk in the 3^rd^ quartile also approached statistical significance (OR = 2.71, 95% CI = 0.90--8.16). As expected, in the fully adjusted analyses combining the composite lifestyle variable with apoE ε4 carrier status the associations were more pronounced among apoE ε4 carriers: the OR was 4.80 (95% CI = 0.83--27.75) for the 2^nd^ quartile, 6.40 (95% CI = 1.04--39.54) for the 3^rd^ quartile, and 11.42 (95% CI = 1.94--67.07) for the 4^th^ quartile. In contrary, the results for the composite variable were not significant among the apoE ε4 non-carriers (results not shown). Furthermore, in the stratified analyses the mean of the composite variable differed significantly between demented and non-demented among the apoE ε4 carriers (2.29 ± 0.76 versus 1.80 ± 0.91, *P*= 0.007), while such a difference was not found among the apoE ε4 non-carriers (0.35 ± 0.46 *versus* 0.22 ± 0.45, *P*= 0.20).

Lifestyle-related factors and AD
--------------------------------

Analyses concerning lifestyle risks (individual lifestyle factors and their composite effects) for AD yielded virtually similar results than the analyses for all dementias. Also here, the associations were stronger among the apoE ε4 carriers (data not shown).

Discussion
==========

This study showed that physical inactivity, high dietary fat intake, alcohol drinking and smoking are associated with the risk of dementia and AD especially among the apoE ε4 carriers. Each individual lifestyle-related risk factor was associated with an increased risk of dementia and AD; the increase varied from three times increased risk among the apoE ε4 carriers who smoked to sevenfold increase among the apoE ε4 carriers with high-dietary SFA intake. Further, also clustering of the lifestyle-related risk factors strongly increased the risk of dementia especially among the apoE ε4 carriers.

The possible effect modification of the apoE carrier status for various environmental factors-dementia associations has been suggested in previous epidemiological studies \[[@b4]--[@b6], [@b11], [@b14], [@b16]--[@b18], [@b20], [@b22], [@b25]--[@b30]\]. Results from our group, as well as some others, have supported the hypothesis that the apoE ε4 carriers are more vulnerable to various hazardous lifestyle related and vascular risk factors \[[@b4]--[@b6], [@b14], [@b16], [@b20], [@b29], [@b30], [@b39]\]. However, some studies have shown opposite results \[[@b11], [@b17], [@b18], [@b22], [@b25], [@b26]\] while others found no effect modification \[[@b9], [@b13], [@b15], [@b24]\] between the apoE ε4 carrier status and lifestyle-related factors. It is important to notice that almost all previous studies have been conducted on elderly cohorts (baseline age 55 years or more) and/or had relatively short follow-up times (ranging from 2 to 6 years). Effect of the apoE ε4 allele on dementia is suggested to attenuate with increasing age \[[@b2]\], which might explain the negative results concerning effect modification in some studies. Furthermore, subclinical dementia and other factors may have affected the individuals' lifestyle at baseline in studies with shorter follow-up times. This kind of bias (*i.e*. reverse causality) is less likely to have occurred in our study where the assessment of the lifestyle-related factors was performed at midlife, on an average 21 years before the diagnosis of dementia. Additionally, midlife risk factors can be considered to be of special interest as the neurobiological changes of AD may start to develop decades before dementia can be clinically diagnosed \[[@b40]\]. Apart from our previous studies \[[@b4]--[@b6]\], only few epidemiological studies exist with follow-up times up to 20 years investigating the effects of lifestyle-related factors and taking also into account the possible effect modification by the apoE ε4 allele. One study focusing on smoking and with a follow-up time comparable to that of our study did not find any difference in the effect of smoking on the risk of dementia regarding to the apoE ε4 carrier status \[[@b24]\]. Interestingly, apoE ε4 may also modify effects of some drug treatments; a greater benefit has been suggested for the apoE ε4 carriers with acetylcholinesterase inhibitor donepezil in mild cognitive impairment \[[@b41]\], and atorvastatin in AD patients \[[@b42]\].

Accumulating evidence has implicated that the apoE ε4 allele influences not only AD, but also atherosclerosis and several other neurological disorders. A common molecular mechanism by which the apoE ε4 allele contributes to neurodegeneration has been suggested. Interestingly, apoE has been linked to all the major features in AD pathogenesis including β-amyloid generation and clearance, neurofibrillary tangle formation, oxidative stress, apoptosis, dysfunction in lipid transport and homeostasis, modulation of intracellular signalling and synaptic plasticity \[[@b43]\]. In all cases, the presence of the apoE ε4 allele has been shown to exacerbate these disturbances, in contrast to the protection seen with other apoE isoforms \[[@b43]\]. Further, apoE plays a key role in the maintenance and repair of neurons, and the apoE ε4 allele carriers show a poor compensation of neuronal loss in different brain regions \[[@b44]\]. Also treatment of neuronal cultures with reconstituted apoE3 enhances neurite outgrowth, whereas apoE4 treatment decreases synaptic plasticity \[[@b45]\]. Some studies have suggested that apoE4 transgenic mice might be more susceptible to such environmental factors that can be considered detrimental or stressing \[[@b46], [@b47]\]. Further, several reports have shown different deficit in apoE ε4 knock-in mice compared with those carrying the ε3, including altered astroglial organization \[[@b48]\], long-term potentiation \[[@b49]\], amyloid precursor protein (APP) processing \[[@b50]\] and cholinergic deficits \[[@b51]\]. Consequently, the lack of function observed in the apoE4, compared with other apoE isoforms, could act in concert with environmental deleterious factors and lead to neuropathological processes. The current study together with our recent experimental demonstration showing that combination of apoE deficiency and long-term high cholesterol diet induces neurodegenerative changes in mice \[[@b39]\] support this hypothesis.

Despite the relatively large cohort, the sample size in our study may still be considered to be limited especially concerning stratified analyses and interactions. However, this should not be a problem for significant associations found, but the lack of associations or interactions should be interpreted more cautiously, since they can result from lack of power if effect sizes are not very high. For stratified and multi-variable analyses, it would be desirable to have as large sample sizes as possible. Nevertheless, the number of the demented persons was almost equal among the apoE ε4 carriers and non-carriers, and it is the number of end-points that is important for statistical power. Thus, it is unlikely that lack of power would be the only explanation for the significant associations found for the apoE ε4 carriers alone. Moreover, similar patterns for all lifestyle risk factors studied further support the true effect modification by the apoE ε4 carrier status, which is also biologically plausible. The proportion of apoE ε4 carries is known to be somewhat higher in Finland (35% in our study) and Scandinavia compared to some other European countries (ranging from 10% up to 40%). The higher proportion of ε4 carriers in the population increases the statistical power and may make it easier to detect associations compared to more diverse populations. Thus, the relative homogeneity of our sample offers an advantage for the current analyses. Moreover, the similarity between the previous results obtained using Finnish cohorts versus other European or American populations concerning ApoE and environmental risk factors for dementia and AD \[[@b4]--[@b6], [@b14], [@b16], [@b20], [@b29], [@b30]\] supports the generalizability of the results from this study. The extent to which possible differences in risk factors profiles among different ethnic groups determine their absolute risks of dementia and AD need to be determined in further studies.

The design of our study as a large and representative population-based study including both men and women increases the credibility of our findings. However, our results may be somewhat compromised by survival bias. It has been shown previously that the apoE ε4 carrier status \[[@b52]\], physical inactivity \[[@b53]\], unhealthy dietary pattern \[[@b53]\], smoking \[[@b53]\] and heavy acute load of alcohol \[[@b54]\] are associated with increased premature mortality. Thus, if we assume that among the deceased there were more persons with the apoE ε4 allele and unhealthy lifestyle, and that they were more likely to be demented as well, then our results would not overestimate but rather underestimate the true dementia risk associated with these lifestyle-related factors and the apoE ε4 carrier status. Furthermore, the limitation in most large studies concerning lifestyle is the reliability of the data. Even though the level of each lifestyle-related factor cannot be determined exactly (*e.g.* absolute amount and quality of alcohol), ranking of individuals into different categories of lifestyle risk exposure, as done in our study, is possible. Concerning alcohol drinking, it might also be that it is the drinking pattern which together with apoE ε4 carrier status forms a hazardous combination. At the time of the midlife assessment of the current study, it was a common habit in Finland to drink reasonable seldom (most drinkers drank only once of twice per month in the current data), but still, a large quantity of alcohol per each drinking session (*i.e.* binge drinking). This binge drinking habit might specifically interact with apoE ε4 and therefore, the increase in the dementia risk might be more pronouncedly seen among those persons carrying the apoE ε4 allele and classified as frequent drinkers in our study. These issues need to be further clarified in large cohort studies with more detailed information about alcohol consumption.

Our findings suggest that physical activity, sufficient intake of PUFA and avoiding excess SFA intake, alcohol drinking and smoking may decrease the risk or postpone the onset of dementia especially among the apoE ε4 carriers. These findings provide an optimistic outlook for genetically susceptible individuals; adopting healthy lifestyle options may even reduce the risk in an apoE ε4 allele carrier close or equal to that in an apoE ε4 non-carrier. Therefore, while healthy lifestyle can be recommended for all, it should be the major preventive strategy especially for people who have the genetic susceptibility for dementia and AD. Even if genetic screening for the apoE ε4 allele might seem to be justified for high-risk individuals \[[@b55]\] or persons who are willing to know their carrier status (*e.g.* persons with family history of AD) as the recent results indicate \[[@b56]\], it can still be argued that such a genetic testing may not be appropriate at the population level at the moment, as the healthy lifestyle intervention will be beneficial also for the apoE ε4 non-carriers to reduce at least the risk of other major chronic diseases such as cardiovascular diseases, type 2 diabetes and certain cancers. However, it should also be noticed that if apoE genotyping is performed, it should never be done in isolation from a proper intervention plan to enhance healthy lifestyle and without information about the meaning of the test result \[[@b57]\]. Nevertheless, these results add rationale for possibilities to create tailor-made interventions and clinical trials for cognitive disorders according to appropriate carrier status.
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